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© The present invention provides a catalyst material and method for decomposition of cjhlorofluorocarbons to 
hydrofluoric acid, hydrochloric acid and carbon dioxide by the reaction with water. The catalyst material consists 
of a metal selected from the group consisting of Ti, Zr and Nb, or an alloy consisting of at least two elements 
selected from the same group. The catalyst material may also be composed of an alloy consisting of up to 80 
at% of at least one element selected from the group consisting of Ni and Co and the substantial balance of at 
least one element selected from the group consisting of Ti, Zr and Nb. The metallic catalyst materials of the 
present invention have a very high catalytic activity for decomposition of flons at relatively low temperatures and 
can retain their high activity during the decomposition process, even if they are converted into fluorides. 
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BACKGROUND OF THE INVENTION 

1 . Field of th Invention 

5 The present invention relates to metallic materials useful as highly active catalysts by which used 
chlorofluorocarbons (hereinafter referred to as "flons") can be easily decomposed to carbon dioxide, 
hydrofluoric acid and hydrochloric acid for purification or reusage thereof and which can retain their high 
activity even if hydrofluoric acid and hydrochloric acid, which acids attack metallic materials, are produced 
by decomposition of the flons. 

70 

2. Description of the Prior Art 

Since flons destroy ozonosphere, used flons must be decomposed for purification. Decomposition of 
flons has heretofore been attempted by several methods, for example, by mixing flons with a large amount 
75 of methane to cause combustion, by the reaction of flons with water under high-temperature and high- 
pressure conditions, by the reaction of flons with water using zeolite as a catalyst, etc. 

The present Inventors have conducted detailed studies and directed their attention to amorphous alloys 
which can contain large amounts of various elements having different properties. As a result, various kinds 
of amorphous alloys having properties desirable as catalysts for electrodes have been found. Based on the 
20 inventors' previous studies on such amorphous alloy catalysts for electrodes, two of the present inventors 
have further investigated the catalysts for production of hydrofluoric acid, hydrochloric acid and carbon 
dioxide by the reaction of flons with water at low temperatures and found that highly active catalysts can be 
obtained from certain amorphous alloys. They made Japanese Patent Application No. 2-45661. The 
Japanese Patent Application is directed to the following three aspects: 
25 1 . Amorphous alloy catalysts for decomposition of flons characterized by immersion in hydrofluoric acids 
for activation of amorphous alloys consisting of 20 to 70 at% of at least one element selected from the 
group consisting of Nb and Ta, 0.5 to 20 at% of at least one element selected from the group consisting 
of Ru, Rh, Pd, Pt, and Ir, and the substantial balance of at least one element selected from the group 
consisting of Ni and Co. 

30 2. Amorphous alloy catalysts for decomposition of flons characterized by immersion in hydrofluoric acids 
for activation of amorphous alloys consisting of 20 to 80 at% of at least one element selected from the 
group consisting of Ti and Zr, 0.5 to 20 at% of at least one element selected from the group consisting 
of Ru, Rh, Pd, Pt and Ir, and the substantial balance of 10 at% or more of at least one element selected 
from the group consisting of Ni and Co. 
35 3. Amorphous alloy catalysts for decomposition of flons characterized by immersion in hydrofluoric acids 
for activation of amorphous alloys consisting of 20 to 80 at% in the total of at least one element selected 
from the group consisting of Ti and Zr and at most 70 at% of at least one element selected from the 
group consisting of Nb and Ta, 0.5 to 20 at% of at least one element selected from the group consisting 
of Ru, Rh, Pd, Pt and Ir, and the substantial balance of 10 at% or more of at least one element selected 
40 from the group consisting of Ni and Co. 

Since the reaction of flons with oxygen is an endothermic reaction, flons should be mixed with a large 
amount of methane for decomposition thereof by combustion. Therefore, this decomposition process is 
impractical. On the other hand, in the direct reaction of flons with water, the reaction must be carried out 
under the conditions of high-temperature and high-pressure. In order to decompose flons with saved 
45 consumption of energy, the reaction of flons with water should be carried out at low temperatures, using a 
catalyst, but catalysts exhibiting superior performance in the reaction have not been found. Since de- 
composition of flons by the reaction with water produces hydrofluoric acid and hydrochloric acid, besides 
carbon dioxide, metallic catalysts used for the decomposition are readily deactivated due to the attack by 
these halogen acids. 

so Therefore, catalysts having a high activity and a high resistance against the foregoing halogen acids 
have been strongly demanded. 

SUMMARY OF THE INVENTION 

55 It is an object of the present invention to provide highly active metallic catalyst materials suitable for 
decomposition of flons by which used flons can be converted to carbon dioxide, hydrofluoric acid and 
hydrochloric acid by the r action with water at low temperatures. 

It is a further object of the present invention to provide highly activ metallic catalyst materials having a 



2 



EP 0 475 442 A1 



high resistanc against halogen acids formed during decomposition of flons. 

The present inventors further investigated the catalysts for the production of hydrofluoric acid, hy- 
drochloric acid and carbon dioxide by the reaction of flons with water at low temperatures, based on 
previous studies on catalysts including amorphous alloy catalysts for electrodes, and found that catalyst 
s materials having a high performance and a high stability sufficient to withstand attack by halogen acids 
resulting from the decomposition of flons can be obtained from metals or alloys other than the amorphous 
alloys as disclosed in the Japanese Patent Application No. 2-45661. The new catalyst materials are not 
necessarily required to be amorphous. This invention was reached on the basis of such a finding. 

The present invention provides a catalyst material for decomposition of flons which consists of a metal 
w selected from the group consisting of Ti, Zr and Nb, or an alloy consisting of at least two elements selected 
from the same group. 

In a further aspect of the present invention, there is provided a catalyst material for decomposition of 
flons which consists of an alloy consisting of up to 80 at% of at least one element selected from the group 
consisting of Ni and Co, the balance being substantially at least one element selected from the group 
75 consisting of Ti, Zr and Nb. 

The present invention is also directed to a method for decomposition of flons using the catalyst 
materials as specified above. 

BRIEF DESCRIPTION OF THE DRAWING 

20 

The single figure shows a cross section schematically illustrating an example of the apparatus for 
preparing metallic catalyst materials of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

The present invention provides catalyst materials consisting of a metal or an alloy as specified in 
Claims. More specifically, a first aspect of the present invention is directed to a catalyst material consisting 
of a metal selected from the valve metals, which have a high catalytic activity and retain their activity, or an 
alloy consisting of two or more elements of such valve metals. Another aspect is directed to a catalyst 

30 material consisting of an alloy consisting of at least one element selected from the above valve metals and 
at least one element selected from the group consisting of Ni and Co. Ni and Co further enhance the 
catalytic action of the catalyst materials. These catalyst materials have not only a very high catalytic activity 
but also a high resistance against halogen acids formed in the course of the decomposition of flons. 
Therefore, such a high activity is not lowered during the catalytic reaction. 

35 Table 1 shows the constituent elements and their content ranges of the catalyst materials of the present 
invention. 

Table 1 



Compositions of the Present Invention (at%) 




Ti, Zr, Nb( M) 


Ni, Co( *2) 


(1) 
(2) 


100 
Balance 


80 at% or less 



*1 The sum of at least one element selected from the group consisting 
of Ti, Zr and Nb 

*2 The sum of at least one element selected from the group consisting 
of Ni and Co 

so : 

Metallic catalysts can be readily produced and among them there are many catalysts exhibiting a high 
activity for specific chemical reactions. However, there have arisen problems in using known catalysts for 
decomposition of flons by the reaction with water. The most serious problem is that, even if the catalyst 
exhibits a catalytic activity at the initial stage of the decomposition of flons by the reaction with water, it is 
readily attacked by hydrofluoric acid and hydrochloric acid formed by the reaction and, thereby, dissolves 
into water or changes to inactive fluorides. Therefore, its catalytic activity can not be maintained. 

On the contrary, the valve metals, which are main components of the catalyst materials of the pres nt 
invention, can maintain their catalytic activity during the catalytic reaction of flons with wat r, even if they 
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ar converted to fluorides. Metallic catalyst materials having an excellent performance for decomposition of 
flons to hydrofluoric acid, hydrochloric acid and carbon dioxide by the reaction with water and r taining their 
high activity even in the formation of the above halogen acids can be achieved by using the metal or alloy 
having the composition as specified above. 
5 The reasons why each component and composition of the present invention are limited as above are 
described below: 

Ti, Zr and Nb are the basic metals of the present invention and these valve metals do not lose their 
catalytic activity during the catalytic reaction of flons with water, even if they are converted to fluorides by 
action of hydrofluoric acid and hydrochloric acid resulting from the reaction. On the other hand, Ni and Co 

10 effectively act as a catalyst for the catalytic reaction of flons with water at the initial stage. However, these 
metals dissolve into water, which is one of reactants, due to the action of formed hydrofluoric acid and 
hydrochloric acid, and, thereby, their activity is gradually lost. As a result of dissolution of Ni and Co, 
fluorides of Ti, Zr and Nb remain with a substantially increased surface roughness and their high catalytic 
activity for the catalytic reaction of flons with water can be retained. 

75 Therefore, in order to form a catalyst surface of high surface roughness and, thereby, achieve a highly 
active catalytic surface, addition of Ni and/or Co is effective. However, when the total amount of at least one 
element selected from the group consisting of Ni and Co exceeds 80 at%, the amount of the basic 
component, i.e., at least one element selected from the group consisting of Ti, Zr and Nb, of the catalyst 
material of the present invention becomes insufficient and a high catalytic activity is hardly obtained. 

20 Therefore, the total of at least one element selected from the group consisting of Ni and Co should be 
limited up to 80 at%. However, in view of the advantageous effects as mentioned above, the addition of Ni 
and/or Co is effective and the preferred range is from 10 to 50 at%. 

In order to examine the catalytic properties of a metallic material, it is preferable that a test specimen of 
the material be provided in a ribbon form. Therefore, most of test specimens in the following examples were 

25 prepared by rapid quench solidification of liquid metallic materials. The rapid quench solidification process 
is widely used in the preparation of amorphous alloys. The apparatus used in the following examples is 
shown in the accompanying drawing. The part enclosed by dotted lines is evacuated and filled with an inert 
gas. In the figure, a quartz tube 2 has a nozzle 3 at its lower end in the vertical direction, and raw materials 
4 and an inert gas for preventing oxidation of the raw materials 4 are fed from an inlet 1 disposed at the 

30 upper end of the quartz tube 2. A heating furnace 5 is placed around the quartz tube 2 so as to heat the 
raw materials 4. A high speed wheel 7 is placed vertically below the nozzle 3 and is rotated by a motor 6. 

For the preparation of metallic material specimens in a ribbon form, the raw materials 4 of the 
prescribed compositions are placed in the quartz tube 2 and the apparatus is evacuated up to about 10~ 5 
torr. After the evacuated apparatus is filled with an inert gas, the raw materials 4 are melted by the heating 

35 furnace 5. The molten materials are ejected under the pressure of the inert gas and brought to collide 
against the outer surface of the wheel 7 which is rotated at a speed of 1,000 to 10,000 rpm whereby 
metallic materials of the present invention can be obtained as a long thin plate, which may, for example, 
have a thickness of 0.1 mm, a width of 10 mm and a length of several meters. 

40 Example 1 

A raw alloy was prepared by argon arc melting of a mixture of metals so as to form Nb-40 at% Ni. After 
remelting of the raw alloy under an argon atmosphere, a metallic catalyst material was prepared in a ribbon 
form, about 0.02 mm thick, about 1 mm wide and about 6 m long, through rapid quench solidification of the 
45 remelted raw alloy by a rotating wheel method, using the apparatus as shown in the figure. 

A reactor tube was prepared by placing 0.2788 g of the metallic catalyst material in a stainless steel 
tube of 8 mm inner diameter and was placed in an electric furnace. CFC-12 flon was blown up through 
warm water and the CFC-12 flon containing water was passed through the reactor tube. The amounts of 
remaining CFC-12 flon and C02 at the outlet of the reactor tube were analyzed by gas chromatography. HF 
so and HCI were dissolved in water and measured. 

Table 2 shows the results thus obtained. 
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Table 2 



Reaction 
temperature °C 


Mass of CFC-12 flon converted by 1 g of metallic 
catalyst material during th reaction for 1 h* mg 


200 


1.83 


300 


7.50 


400 


118 


450 


399 


450 


2160(steady value) 



* The reaction temperature was continuously elevated. 



X-ray diffraction analysis of the metallic catalyst specimen after continuing the reaction at 450 *C for 
15 some time revealed that the surface of the specimen was covered with NbFa. However, the catalytic activity 
of the specimen was retained without reduction, although the surface was covered with NbF3. The reason 
why the steady value at 450 *C was very high as compared with the initial value is that the activity was 
further increased due to loss of Ni from the surface of the specimen by the reaction and conversion of Nb 
into NbF 3 . 

20 

Example 2 

For the production of catalyst materials containing Co and/or Ni, raw alloys, whose compositions are 
shown in Table 3, were prepared by argon arc melting of mixtures of metals. After remelting of the raw 

25 alloys under an argon atmosphere, alloy thin plates having a thickness of 0.01 to 0.05 mm, a width of 1 to 3 
mm and a length of 3 to 20 m were prepared by rapidly quenching and solidifying the remelted alloys in 
accordance with a rotating wheel method, using the apparatus shown in the figure. 

On the other hand, catalyst materials consisting of elemental Ti, Zr or Nb or alloy thereof were prepared 
as follows, using an amorphous alloy ribbon as a support, it had been confirmed from the preexamination 

30 that the amorphous alloy ribbon was low in catalytic activity even after being surface-roughened. Firstly, the 
amorphous alloy ribbon was treated with HF to increase its surface roughness. Then, each of Ti, Zr, Nb and 
alloys thereof was sputtered onto the surface-roughened amorphous alloy ribbon to provide the catalyst 
materials. 

Ni used as a comparative example was cut in a ribbon form of about 1 mm wide from a Ni thin plate 
35 having a thickness of 0.005 mm which were prepared by a 20-stage rolling operation. 

A reactor tube was prepared by placing 0.2 to 0.5 g of the metallic catalysts thus obtained in a stainless 
steel tube of 8 mm inner diameter and was placed in an electric furnace. 

CFC-12 flon was blown up through warm water and the resulting mixture containing CFC-12 flon and 
water was passed through the reactor tube. The amounts of remaining CFC-1 2 flon and CO2 at the outlet of 
40 the reactor tube were analyzed by gas chromatography. HF and HCI were dissolved in water and measured. 
Table 3 shows the results thus obtained. 
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Mass of CFC-12 flon converted by 1 g 
Alloy of metallic catalyst materials for 1 h 
(at%) (q) R eaction temperature: 450°C — 



Ti 


1 .22 


Ti-30Ni 


2.21 


Ti-40Ni 


2.56 


Ti-50Co 


1 .97 


Ti-60Ni 


0.493 


Ti-50Ni-30Co 


0.114 


Ti-80Ni 


0.115 


Zr 


1 .03 


Zr-40Ni 


1 .25 


Zr-70Co 


0.133 


Zr-BONi 


0.101 


Nb 


1.13 


Nb-30Co 


2.05 


Nb-40Ni 


2.16 


Nb-50Ni 


0.218 


Nb-60Ni 


0.186 


Nb-70Ni 


0.157 


Nb-80Co 


0.103 


Nb-80Ni 


0.104 


Ti-50Zr 


1.12 


Ti-50Nb 


1 .18 


Zr-50Nb 


1 .08 


Ti-25Zr-50Nb 


1 .12 


Ti-30Zr-40Ni 


2.27 


Ti-20Zr-70Co 


1 .05 


Ti-40Nb-30Co 


2.20 


Ti-10Nb-80Ni 


0.163 


Zr-40Nb-50Co 


1,75 
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Table 3 (continued) 



5 Mass of CFC-12 flon converted by 1 g 

Alloy of metallic catalyst materials for 1 h 

(at%) (g) Reaction temperature: 450 °C 

10 

Zr-10Nb-30Ni 1.28 j 
Ti-30Zr-30Nb-1 0Co-1 ONi 2.48 l_ 

15 

It was found from the above results that all of the metallic catalyst materials for decomposition of flons 
according to the present invention had a high activity and, thereby, decompose flons to hydrofluoric acid, 
hydrochloric acid and carbon dioxide by the reaction with water at low temperatures. Further, the catalyst 
materials of the present invention could retain their high activity. 
20 In the case of using the Ni ribbon, the ribbon was disappeared when decomposition of the flon reached 
2.05 g per 1 g of the Ni ribbon, because it dissolved into water by attack of hydrofluoric acid and 
hydrochloric acid. 

As described above, the metallic catalyst materials of the present invention have a very high catalytic 
activity for decomposition of flons at relatively low temperatures and can retain their high activity during the 
25 decomposition process, even if they are converted into fluorides. 

Further, the highly active catalyst of the present invention can also be easily prepared by sputtering the 
above-specified metallic material onto an appropriate support and are very practical. 

Claims 

30 

1. A catalyst material for decomposition of chlorofluorocarbons which consists of a metal selected from 
the group consisting of Ti, Zr and Nb, or an alloy consisting of at least two elements selected from said 
group. 

35 2. A catalyst material for decomposition of chlorofluorocarbons which consists of an alloy consisting of up 
to 80 at% of at least one element selected from the group consisting of Ni and Co, the balance being 
substantially at least one element selected from the group consisting of Ti, Zr and Nb. 

3. A method for decomposition of chlorofluorocarbons characterized by using a catalyst material consist- 
40 ing of a metal selected from the group consisting of Ti, Zr and Nb, or an alloy consisting of at least two 

elements selected from said group. 

4. A method for decomposition of chlorofluorocarbons characterized by using a catalyst material consist- 
ing of an alloy consisting of up to 80 at% of at least one element selected from the group consisting of 

45 Ni and Co, the balance being substantially at least one element selected from the group consisting of 
Ti, Zr and Nb. 
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